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Asymmetrical Finline for Space Applications
Using Millimeter Waves

PATRICK ESPES, PAUL F. COMBES, JEAN-MARC GOUTOULE,
AND BERNARD THERON

Abstract —We have studied a new type of unilateral finline—the asym-
metrical structure finline (ASFL). In addition to providing better electro-
magnetic isolation, this structure solves problems of mechanical and ther-
mal resistance encountered with the traditional line. It provides better
electromagnetic performances than the traditional line, while leaving an
additional degree of freedom to obtain the characteristic parameters. The
calculation software is used to simulate this type of structure, with results
close to experimental measurements. The study was completed by produc-
ing two circuits: a 20 GHz bandpass filter and a balanced mixer.

I. INTRODUCTION

HE MAIN transmission lines used in the production
of microelectronic circuits are the microstrip line, the
finline, and the suspended microstrip. The finline, which
was developed by Meier in 1972, has been widely used for
several years now for the production of microwave circuits
(mixers, oscillators, filters) with increasingly high frequen-
cies [1].
The traditional structure (Fig. 1(a)) has certain intrinsic
disadvantages:

o FElectromagnetic compatibility: Isolation is not opti-
mal at the slots; the half-guide separation plane is
close to the dielectric, where the field is a priori
considerable.

* The configuration demands fairly precise machining
of the casing to ensure that the dielectric is properly
supported.

® The insertion of the dielectric itself may lead to bad
ground contacts on the fins (flatness problems).

Other disadvantages are linked to space applications:

® A hard dielectric is difficult to use for reasons of
assembly and compression. This is why soft di-
electrics are preferred although their reaction to tem-
perature makes them unsuitable for space techniques.

e Aging of the circuit.

® Mechanical resistance to vibrations is not guaranteed
by this system.
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(a) Traditional structure. (b) Asymmetrical structure finline.

Fig. 1.

The asymmetrical structure finline (ASFL) being pro-
posed here overcomes these disadvantages in space appli-
cations (Fig. 1(b)). The substrate is soldered on the fin side
(metal plating) in a waveguide with two shoulders; it is for
this reason that a hard dielectric can be used (alumina). In
this way the disadvantages already referred to are either
greatly diminished or eliminated altogether:

e Electromagnetic isolation of the line is a lot better, as
the caps which are a source of leakages are posi-
tioned as far as possible frcm the substrate.

® Machining of the enclosure is simplified, as only one
side of the dielectric comes into contact with the
guide (the metallized side).

® The problems caused by ground feedback are quite
simply eliminated.

* It is worth noting that it is easier to solder compo-
nents onto the hard substrate than onto a soft sub-
strate.

This new structure also respects the constraints encoun-
tered in the space field:

® The good response of the hard substrate to tempera-
ture ensures that dispersion of performance for the
circuit in question is minimized, which is not true for
soft dielectrics. ‘

e The line also wears well over a period of several
years (keeping in mind the fact that the average life
of a satellite is seven years).
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® the principle of soldering the circuit in the enclosure
is a tried and tested technique regularly applied to
suspended microstrip. Mechanical resistance is highly
satisfactory.

It remains to be determined to what extent the asymme-
try of the structure, as well as the high dielectric constant
(e, alumina =10), affects the electrical performance of
the line. In order to do this we have performed a rigorous
analysis of the line in question (Section II) using a method
which has already proved its worth: the spectral method.
The corresponding numerical resolution (Section III) was
carried out using Galerkin’s method, which provides accu-
rate results for a moderate calculation time. The electro-
magnetic characteristics (Section 1V) concern the various
parameters of the asymmetric line, such as the propagation
constant, the passband, and the characteristic impedance.
An important step is taken with test validation (Section V)
of the theoretical study with respect to the guide wave-
length. Finally, the last part (Section VI) deals with the
practical applications of this line, which involve both pas-
sive devices (filters) and active devices (mixers).

II. BASIS OF THE THEORETICAL CALCULATION

The spectral method can be summed up as follows.
First, we write out the components of the electromagnetic
fields in the structure which correspond to the boundary
conditions on the internal walls of the guide. Writing the
conditions of continuity in the three mediums enables us
to determine the field amplitudes or modal amplitudes and
to express the current across the fins (metallization of the
substrate). A characteristic homogeneous system may be
deduced from the form of the current and will be solved
numerically using Galerkin’s method, thus giving the value
of the propagation constant of the line.

A. Writing the Field Components in the Structure

These components must satisfy the following conditions

on the conducting walls:

E, =0 H,=0. 1)

In all cases, the electric and magnetic fields of a wave

propagating along the z axis of a guide are expressed as
follows:

E(X,y,z,t) =£(X,y)-e_72.ejwt

(22)

H(x,y,z,t) =#(x,y) e e/ (2b)
with v = jB or a depending on whether or not propagation
occurs. The modes propagating in the planar guides are
hybrid modes, which may be considered as the superposi-
tion of LSE and LSM (longitudinal section electric and
magnetic) modes which is used to express the fields in each
region.
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The longitudinal components (along z) are given as
follows. For region 1,

E,(x,y)= ) E"sinajy-sinhk,(h,+h,+x) (3a)
n=1

H,(x,y)= ) H®-cosa,y-coshky(h;+h,+x).
n=0

(3b)
For region 2,

E,(x,y)= Y sina,y-(E®-sinhk,,x
n=1
+ E®-cosh k,,x )

H, (x,y)= Y cosa,y-(H®-sinhk ,x
n=0
+ H®-coshk,,x).

(4a)

(4b)
Finally, for region 3,

Ez3(x: y) = Z Er$3)'Sinan(y—1)'Sinhkx3(h3_x) (53)

n=1
Hza(x7 y) = X_:OHrg:;)'Cosan(y —1)'COShkx3(h3—— x)‘

(5b)

Here

(6)

and

(7a)

(7v)

=21 p2 2
kxl_\/an +B =g

k= \/afzz + /32 — €€y iy w?

kx3=\/a5+,82—fo'ﬂo'°’2- (7c)

E® and H{” are the modal amplitudes, which will be
determined below. For cutoff modes we replace 82 by
2
- aT.
The transversal components are found directly from the
longitudinal terms using two expressions derived from

Maxwell’s equations:

> =Y — o Jpow o
E,=—Y2+k2- grad E"+—y2+k2 -(e:X grad H) (8a)
N -y — jrew L
vl grad Hz—m-(ezx grad Hz) (8b)

with v = jB for propagation modes and y = a for cutoff
modes. Those expressions not developed here may be
found in [2].

B. Calculation of Modal Amplitudes

These expressions will be deduced from the conditions
of continuity. Let

(%a)
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Fig. 2. Asymmetrical finline: transverse cut.

and

Hy—Hp=1, . (9b)
The subscript T indicates the components in the interface
plane of mediums i and j (see Fig. 2).

We now consider the conditions on the electric fields at
the 3-2 interface in Fig. 2. This interface is the one on
which the fins in question are located. Let

E,(0,7)=E,(0,y) = f(y) (10a)

and

E,(0,7)=E(0,y)=g(y) (10b)

where f and g are the fields tangential to the slot. Their
form will be taken into account in the numerical solution.
Transformation into the Fourier space is required to ob-
tain the modal amplitudes. For example, to express E, in
region 3,

E (0,y)= ) E®-sina,(y—1)-sinhk, h,=g(y)

n=1
(11)
we arrive at
4
E®=_j —. 12
" T T Sinn ke, (122)
with
§=fl+Lg(y)-e“"‘"(y")- dy. (12b)
!

In the same way, using the three remaining equations,
E.(0.y)=g(»)
E,(0,7)=E,(0,y)=f(»)

and taking into account relations (8) applied in regions 2
and 3, we obtain the form of Hn®, En®, Hn® as a
function of f, g, f’, and §’, the primed variables indicat-
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ing that the Fourier transformation is carried out across
width L', whereas for f and g it is carried out across
width L. Then

H(3)=—,32+k§. 1
§ Jrew  k,-sinhkxyeh,
b\ »  Ba,
'—L‘[f‘Fm'gN] (13)
Ep=—j g (14)
_p2 2 )
H,f”=-%-i—z‘%-[f’+ —_gz—i"kg-g”'} (15)

with b,=1 for n=0and b,=2 for n # 0.
By writing the conditions on the electromagnetic fields
at the 2-1 interface in Fig. 2, i.e.,

E,—E =0 (16a)
E, —E, =0 (16b)
H,—H, =0 (17a)
H,-H,=0 (17b)

we obtain the expression of E®, H®, E® and H® asa
function of E® and H®, ie., as a function of f, g, /7,
and g’ '

Finally, the eight modal amplitudes are described by the
two unknown variables f and g, which represent the form
of the electric field tangential to the slot.

III. 'WRITING AND SOLVING THE
CHARACTERISTIC SYSTEM

The characteristic system of the line will be inferred
from the expression of the current on the fins. The form of
the current is given by the continuity conditions of the
magnetic fields at the 3-2 interface (not yet used).
A. Current on Fins

=D _g®
I,=H?® — H (18a)

I,=HP~H?®. (18b)

The current components may be expressed in condensed
form as follows (/< y</+ L):

_ 2y, ’ 3, —
I,= ZH,SVV) cosaly + ZHny) cosa,(y—1) (19a)
n n .
L=Y H®sina,y+ Y H-sina,(y—1). (19b)

H ,f;) and H\" given in [2] group together the amplitudes of
the modes calculated above.

As the real form of the current on the fins is not readily
usable, the calculations are transposed into Fourier space
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as previously done for modal amplitudes. Let

- T T s, (- sosaira
n n n

(20a)
and

I =YH?+Y [ZH}?) ”Lsina,,(y - l)-sina;,/y-dy}.
n : n Ln l
(20b)

The influence of the transverse discontinuity is expressed
analytically by calculating the circular function integrals.

In the simplest case, when L = L', these integrals cancel
out for n # n’. Thus,

I=Y[H®+HD (21a)
n

and

L=Y[H®+HD]. (21b)
n
In any case, the Fourier currents are a function of the
Fourier transforms f, g, f’, and § mentioned above.
We now have a system which can be written in the
following form:

I= My f+ My [+ Mg+ M8 (22a)

I=Myuf+ Myf+ My + My’ (22b)

where M, may be considered as line admittance values.
These M,, are expressed in a condensed form as follows:

1 (— B>+ k2)

M, = . (23a
%k, -tanhk, h, Lo @ )
(X:,z‘ Gl + BZ_ G2
M12 = W (23b)
1 Ba,
M= . 23
BTk tanhk g (23¢)
My, =B a; (G~ Gy) (23d)
1 Ba
My=————" 23e
2k, tanhk hy pow (23¢)
M,, = Ba, (G, - Gy) (23f)
v 1 al—k2 (230)
= . g
Bk otanhk by pyo
B*G +a)G
My, = —— (23h)

a;z + BZ

§

3

b
;

o

Fig. 3. Functional form of £, and 7.

with
€r
1 + kxl. tanh kxlhl. }C— 'tanh kx2h2
G,=— w €y — (24a)
k,-tanhk h,+——-tanhk,h,
1 1 er
1
1+ T -tanh k, h,-k, -tanhk _h,
1 x, 1 2 2
Gr= T T . (24v)
0 k_xl -tanh kxlhl + E; -tanh kxzh2

In the case of cutoff modes, j8 is replaced by «.

B. Solving the Corresponding Homogeneous System Using
Galerkin’s Method

1) Field Around the Slot: The system unknowns are f. g
{7, and g’ Tt should be remembered that f and g are the
fields E, and E, at the slot. These are now approximated
by functions satisfying the following conditions:

e FE isnullat y=a,b (Fig. 2).

® E, shows a singularity caused by the break at
y=a,b.

e Tt should be possible to evaluate the Fourier integrals
with a minimum of numerical calculations.

¢ Functions must form an orthogonal family (to sim-

plify calculations).

Let
M
f=X ¢ (25a)
=1
N
g= 2 d,; -, (25b)
=1
with
2y —b—
i e
—a
£, = (26a)
\/ 2y—b—a\’
=]
b—-a
and
2yfb—a
n,= ,( b—a ) (26b)
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where 7, and U; are first- and second-order Chebyshev
polynomials. These functions have the advantage of being
composed of Fourier integrals which can be expressed in
terms of Bessel functions for which reliable [4] polynomial
approximations exist (refer to the Appendix). The true
unknowns are now coefficients c; and d; (see Fig. 3).

2) Writing the Corresponding Homogeneous System: The

well-known property of orthogonality is used:
(Ig|Ep) =0. (27)

In Fourier space, this gives the following equivalent rela-
tionships:

t

=0 (28a)
I-7,=0. (28b)
And finally
M N ‘
Lo TEPd=0 (o)
i=1 j=1
M N
ki X Kgd=0 oM
i=1 Jj=1
with
Kp® =Y £, -(My-£+ My £)) (30a)
n=0
2 -~
KpP= 3 &, (M i+ M14'ﬁ;') (30b)
n=0
sz(a)z Z ny (M21 §+ My, é’) (3OC)
n=0 .
[v]
Kp® = 3 i (Myii,+ My ;). (30d)
n=0

In practice, M = N. A homogeneous system with 2N un-
knowns and a nontrivial solution (for canceling the deter-
minant) is thus obtained. The desired propagation or attenu-
ation constants are therefore the zeros of the determinant.

3) Convergence Criterion: Convergence of effective per-
mittivity calculations depends on the order of the series
describing the field in each region of the structure and the
field in the slot. We take P Fourier terms and N slot
terms. A commonly used convergence criterion for small P
and N is '

p L

I T a (31)
This formula, which is rigorously valid for sinusoidal basis
functions, is used with a good approximation for the
pseudosinusoidal functions §;, %, (eqs. (26)). We selected
K =10, which corresponds to a P/N ratio of 50 for the
structure tested, i.e., two pairs of basic functions for 100
Fourier additions.

IV. ELECTROMAGNETIC CHARACTERISTICS OF THE ASFL

The effective permittivity of the line will be studied in
this section, i.e., the propagation constant in fundamental
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mode, its characteristic pseudoimpedance, the cutoff fre-
quency, and the monomode bancdwidth.

A. Calculating B, ¢,/

The first step is to plot the dispersion characteristics in
terms of frequency (see Fig. 4).

Generally, for L’ /L ratios between 1 and 2.5, dispersion
curves are grouped together since permittivity- does not
vary by more than +2 percent in the linear part at a given
frequency (Fig.-5). The dispersion curves of both types of
lines show better ASFL linearity along the entire band-
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width, especially between 10 and 20 GHz: S8 =4048,
38.81, 38.03 rad-m™! for L'/L =1, 1.5, 2.5. A significant
degree of freedom can thus be taken in choosing the
-(L"—=L)/2 range; an L’/L ratio of 1.5 is judged neces-
sary (guide WR42) for appropriate mechanical strength.
Finally, note that an increase in width L’ has the effect
of further reducing the cutoff frequency. The influence of
discontinuity on effective permittivity at a given frequency
was also studied for several slot sizes (Fig. 6). In the same
way as for the symmetrical line, a decrease in slot width
increases permittivity. Furthermore, these curves each show
a maximum; the abscissa of this maximum increases when
the slot width decreases. At W/L =10.75, permittivity
reaches 15 percent for L’/L =2 with respect to the sym-
metrical line.

B. Cutoff Frequencies and Bandwidth

As noted above, the cutoff frequency of the fundamental
decreases when the L’/L discontinuity ratio increases: at
L' /L =3, Fcl is 1.6 GHz lower than Fcl for the symmet-
rical line (L’/L =1) (see Fig. 7). The second propagation
mode cutoff frequency reaches a maximum when L'/L =
1.8. The passband is widest at this point: it reaches 22.5
GHz compared to 20 GHz at L’/L =1 (symmetrical fin-
line) and 16.5 GHz at L'/L =3. A discontinuity ratio
above 2.5 must therefore be avoided.

C. Characteristic Pseudoimpedance
1) Basis of Calculation: The most currently used defini-
tion is the following:

VZ

Z,=—
2P,

(32)
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Fig. 7. Cutoff frequency of dominant and first higher order mode
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where

b
v=¥,=[E(y.x=0)d (33)

is the tension between fins and

P= [(Ex H¥)-&.ds
$

L' rh
=Re["["  (BeHy-EpH2)-dvedy (34)

is the power transmitted over the entire section.

2) Theoretical Results: Z, was plotted in terms of the
L’/L discontinuity ratio at f =20 GHz for several slot
widths (Fig. 8). The characteristic impedance increases in
direct proportion to the slot width and tends to decrease
when the discontinuity increases. Adaptation of the ASFL
to a waveguide will thus prove less problematic than the
symmetrical finline as it has the advantage of supplying a
greater degree of freedom.

V. EXPERIMENTAL VALIDATION

Experimental validation is based on a comparison of
theoretical and experimental results on the guide wave-
length. The phase shift ¢ caused by two short-circuited
finlines of different lengths L’ and L was measured on an
HP8510 bench for a given asymmetrical structure (reflec-
tion measurement). The structure tested has the following
dimensions (see Fig. 2):

L=442mm H(1) =5.16 mm
L'=6.42 mm H(2) =0.254 mm;e, =9.9
W=1.25 mm H(3) =5.41 mm



ESPES ef al.: ASYMMETRICAL FINLINE FOR SPACE APPLICATIONS

Ze(q) i
. : |
W/L=o.75i
400 i -
wS
|

| ™~

200 L

Fig. 8. Z, versus L'/L (f =20 GHz).

1) The Case Where ¢ is the Measured Shift: Here we
may write

da-(I'—-1) 35
£ ¢+ndm (35)
The term n-27 means that measurement was performed
modulo 2#; I’~1 is the difference in the lengths of the
shorted lines. To determine the integer #, it is noted that at
f=18.335 GHz the recorded phase shift is null. Then

I'—1 AL A, 6
" T T2 (3€)
Since
Ao\
€= | — | and AL=35.39 mm,
A
g
€ = (1 X0.22859)°. (37)

The most probable value considering the results of the
analysis is n = 6, for which e . =1.881. It should be noted
that this value of n is suitable for f>18.335 GHz while
for f<18.335 GHz the value n =35 should be taken, at
least in the frequency range under investigation.

2) Comparison of Theoretical and Experimental Results:
The measured A, given in Table I is determined using (35)
with /1= 35.39 mm. The calculated A, is deduced from

the relation
(38)

In estimating the measurement error, the following is
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TABLE 1
THEORETICAL AND EXPERIMENTAL RESULTS

F(GHz) ¢ (°) Ag measured | A g calculated | AA /Ameas. (%)
17.6 122.05 12.50 12.42 .6

18.0 52.36 12.09 12.07 0.2

18.4 351.55 11.75 11.73 0.2

18.8 296.83 11.46 11.42 0.3

19.2 241.51 11.18 11.17 0.1

19.6 191.12 10.94 10.83 1.0

20.0 117.33 10.62 10.56 0.5

o HEH -{xeH E

A Mot Kz kz; Ka,n‘»t V4

Fig. 9. Modified prototype using impedance inverters.

deduced by application of (35):

Ae AN
—=12%= 7 =0.6%.

€
A comparison of these results shows a high rate of correla-
tion between the theory and the actual measurement;
relative errors are within the acceptable limits previously
laid down. Therefore, the analysis is validated.

VI. APPLICATIONS

First, a bandpass filter using this technology is de-
scribed. An example is then given for application of the
asymmetrical finline to an active mixer-type device.

A. Bandpass Filter at 20 GHz

The work specifications are as follows:

passband: 19.5-20.2 GHz
* selectivity: >15 dB to 500 MHz
e VSWR: >16 dB in the useful band.

The Chebyshev response selected was the one closest to the
ideal curve for a given order. The number of poles was
fixed at three.

The electric circuit generally used for microwave band-
pass filter synthesis has distributed elements (Fig. 9). The
selected structure uses alternating impedance inverters and
transmission line resonators which are approximately a
half-wavelength long at the midband frequency [6].

The impedance inverters are calculated using the charac-
teristic parameters from the prototype low-pass circuit:

Ko _[m @ (39)
Z, 2 8y 81w
K, 1 T 1 (40)

Zy 201 8,841

Kn,n+1 ™ w
ZO b 2 gn'gn+1'wi .

The various elements will appear on the dielectric
(e, alumina = 9.9) as shown in the top view of the filter

(41)
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Fig, 10.

(a) Filter substrate. (b) Detail A.
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Fig. 11

Impedance inverter equivalent circuit.

substrate (Fig. 10). The three central lengths of finline are
the filter resonators (three for a three-pole filter). The gaps
between the resonators constitute the impedance inverters
(four for a three-pole filter). The steps which may be seen
at the slot input and output represent an impedance adapter
and have been calculated in such a way as to ensure
minimal VSWR [7].

The impedance inverters have been characterized experi-
mentally. The § parameters measured were used to obtain
the elements of the equivalent electrical diagram (Fig. 11)
in inductive T and the value of the corresponding inverter
for several lengths of gap.

Then
¢ X,
K = Zy|tan| - +tan"'— | |Q (42)
2 Z,
with
—1 2)(b Xa _lXa d (43)
¢ = —tan “Z—0—+70 —tan —Z—O rad.

Finally, we traced the variations of K as a function of the
short-circuit length constituting the impedance inverters
(Fig. 12). The values of K calculated during the filter
synthesis were used to determine the effective gap lengths
on the dielectric (Fig. 10(a)):

Ky =K;,=02318=> ¢, =, =270 pm
Ky, = K3 = 0.0509 = e, = e, = 2680 pm.

The electric resonator lengths are written as follows:

1
0/ =7+ 5"#]—1,/ + ¢j,j+1|/rad’
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Fig. 12. K characteristic as a function of gap length. L’/L =1.185;

W= 0.5 mm in WR42 waveguide.
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48.848- - __ 935k, [49.4 JL)

Fig. 13. VSWR performance.

In compliance with the notation of Fig. 10, we obtain

L= L;=4374 mm L, =4.334 mm.

Filter performance was a little worse than expected (Fig.
13), in particular with regard to losses (2.5 dB) and may no
doubt be perfected by improving the unit and adjusting
constituent elements.

B. Up-Converting Mixer, 4/20 GHz

The use of microelectronics will be required to reduce
the weight, dimensions, and cost of microwave circuits.
The mixer is based on the principle of the junction of a
slotline and coplanar line (Fig. 14). For the reasons given
above (mechanical and thermal resistance), the asymmetric
finline is a good replacement for the slotline at the IF port
(Fig. 15). The dielectric used is 0.254 mm alumina. The
ratio L’/L is 1.5 in a WR42 waveguide. The diodes are
seen in series by the ASFL and in parallel by the coplanar
line, which results in isolation between the signal port and
the OL port. A directive filter diplexes the LO and the
signal.

The mixer translates the signal from 4 GHz to 20 GHz.
Thomson DH385 diodes (Schottky using GaAs) are em-
ployed. The conversion losses (Fig. 16) are highly satisfac-
tory, better than 6 dB in 1.5 GHz. The interception point
is 16 dBm for a local oscillator power of 14 dBm.
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Fig. 14. ASFL - coplanar junction. () ASFL (output). (3) Diodes.
(® Coplanar line (LO + signal).

Fig. 15. External view of the mixer.

Fre7uency (6Hz)

17.7 18,2 18,7 19,2 19,7 20,2
4 ‘V/’\’A"vwn
5 J/\/ f ’ \”[
6 \
7

Fig. 16. Conversion losses.

VIL

We have studied a new type of unilateral finline: the
asymmetrical structure finline (ASFL). In addition to pro-
viding better electromagnetic isolation, this structure solves
problems of mechanical and thermal resistance encoun-
tered with the traditional line. The dispersion characteris-
tics show that linearity is excellent and that the fundamen-
tal cutoff frequency decreases as discontinuity increases.
The monomode bandwidth of the ASFL is better than
the symmetrical one up to large discontinuity ratios.
Just as with effective permittivity, the characteristic pseu-
doimpedance depends essentially on.the slot width.

The ASFL thus provides better electrical performance
than the traditional line, while leaving an additional degree
of freedom (L’/L) to obtain the characteristic parameters.

CONCLUSION
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The calculation software is used to simulate this type of
structure, with results close to experimental measurements.
This study was completed by producing two circuits: a 20
GHz bandpass filter and a balanced mixer. The successful
implementation of these two circuits proved the feasibility
and the advantages provided by this line for space applica-
tions at steadily increasing frequencies in both passive and
active circuits.

APPENDIX
FOURIER INTEGRALS OF £, AND 7 ; [5]

b—a
W-j.‘]j( 3 an)

nj(an)= an
) b+a
(fl)’_l/z-cos( -an)
if j is odd
) b+
(—1)’/2-sin( a-an)
if j is even
. b—a b—a
O e R
. b+a
('_1)'—1/2.5111( )
if i is odd
A b+a
(—1)’/2_1-cos( -an)
o2
if 7 is even.
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